Neurodegeneration in heterozygous Niemann-Pick type C1 (NPC1) mouse: implication of heterozygous NPC1 mutations being a risk for tauopathy.
Niemann-Pick type C1 (NPC1) disease is an autosomal recessive, fatal disorder characterized by a defect in cholesterol trafficking and progressive neurodegeneration. The disease is predominantly caused by mutations in the NPC1 gene; however, it has been assumed that heterozygous NPC1 mutations do not cause any symptoms. Here we demonstrate that cholesterol accumulation does not occur in young mouse brains; however, it does in aged (104-106-week-old) NPC1+/- mouse brains. In addition, Purkinje cell loss was observed in aged NPC1+/- mouse cerebellums. Immunoblot analysis using anti-phospho-tau antibodies (AT-8, AT-100, AT-180, AT-270, PHF-1, and SMI-31) demonstrates the site-specific phosphorylation of tau at Ser-199, Ser-202, Ser-212, and Thr-214 in the brains of aged NPC1+/- mice. Mitogen-activated protein kinase, a potential serine kinase known to phosphorylate tau, was activated, whereas other serine kinases, including glycogen synthase kinase 3beta, cyclin-dependent kinase 5, or stress-activated protein kinase/c-Jun N-terminal kinase were not activated. Cholesterol level in the lipid raft isolated from the cerebral cortices, ATP level, and ATP synthase activity in the cerebral cortices significantly decreased in the aged NPC1+/- brains compared with those in the NPC1+/+ brains. All of these changes observed in NPC1+/- brains were determined to be associated with aging and were not observed in the age-matched NPC1+/+ brains. These results clearly demonstrate that heterozygous NPC1 impairs neuronal functions and causes neurodegeneration in aged mouse brains, suggesting that human heterozygous NPC1 mutations may be a risk factor for neurodegenerative disorders, such as tauopathy, in the aged population.